G protein-coupled receptor kinase GRK2 is a phospholipid-dependent enzyme that can be conditionally activated by G protein betagamma subunits.
G protein-coupled receptor kinases (GRKs) mediate agonist-dependent phosphorylation of G protein-coupled receptors (GPRs) and initiate homologous receptor desensitization. Previously, we reported that charged phospholipids directly interacted with the two GRK isoforms, GRK2 and GKR3, via a pleckstrin homology (PH) domain to regulate GRK activity (DebBurman, S. K., Ptasienski, J., Boetticher, E., Lomasney, J. W., Benovic, J. L., and Hosey, M. M. (1995) J. Biol. Chem. 270: 5742-5747). Here, evidence is provided to support the hypothesis that charged phospholipids are required for agonist-dependent phosphorylation of receptors by GRK2. In the absence of charged phospholipids, the purified human m2 muscarinic acetylcholine receptor (hm2mAChR) reconstituted in pure phosphatidylcholine vesicles or in a noninhibitory detergent was not a substrate for GRK2. However, these receptor preparations were stoichiometrically phosphorylated in an agonist-dependent manner upon addition of charged phospholipids. The known ability of G protein betagamma subunits to stimulate mAChR phosphorylation also was found to be absolutely dependent on the presence of charged phospholipids, including phosphatidylinositol 4,5-bisphosphate (PIP2). Phospholipids also regulated GRK-mediated phosphorylation of casein, a nonreceptor-soluble substrate. Among lipids tested, lipid inositol phosphates, PIP2 and phosphatidylinositol 4-monophosphate, were found to be the most potent activators of GRK2 and were the only lipids that regulated GRK2 in a complex biphasic manner. At low micro concentrations, PIP2 activated GRK2 via an interaction with the GRK pleckstrin homology domain; however, at high micro concentrations, PIP2 inhibited GRK2, apparently via another mechanism. PIP2-mediated inhibition could be partly relieved by increasing ATP. The results support the hypothesis that GRK2 is a lipid-dependent protein kinase that requires charged phospholipids for enzyme activation, for regulation by Gbetagamma subunits, and potentially for membrane association.